Abstract: Ecosystem engineers that serve as foundation species shape the ecology and behavior of the species which depend on them. As species shift their geographic ranges into ecosystems they have not previously inhabited, it is important to understand how interactions with novel foundation species alter their behavior. By employing behavioral assays and morphological analyses, we examined how individual morphology and foundation species structure impact the ritualistic aggression behavior of the range shifting mangrove tree crab Aratus pisonii between its historic and colonized habitats. Structure of the foundation species of the colonized salt marsh ecosystem increases the incidence and risk of this behavior over the historic mangrove habitat, potentially negating benefits of ritualizing aggression. Further, docks within the salt marsh, which are structurally analogous to mangroves, mitigate some, but not all, of the increased costs of performing ritualized aggression. Crabs in the salt marsh also had relatively larger claws than conspecifics from the dock and mangrove habitats, which has implications for the risk and outcomes of ritualized interactions. These changes to morphology and behavior highlight the impacts that foundation species structure can have on the morphology, ecology, and behavior of organisms and the importance of studying these impacts in range shifting species.
Introduction
Autogenic ecosystem engineers, organisms that change the environment or create habitat via their own physical structure [1] , impact nearly every aspect of the ecology of organisms which depend on them. For those engineers which also act as ecosystem foundation species (i.e., coral in a reef, mangroves in a forest, etc.) [2, 3] , the ecologies of countless species have evolved to take advantage of and survive in the habitats they provide. Among the many aspects of an organism's ecology that are tied to foundation species, behavior may have one of the largest impacts on daily energetics and survival. Foundation species impact a range of behaviors from foraging in crabs [4] , birds [5] , and rodents [6] to predator avoidance in bivalves [7] and fish [8] . Such behaviors can have drastic effects on the long-term life history, ecology, and fitness of individuals and populations. However, mismatches in climate-mediated geographic shifting rates are causing some species to decouple their geographic ranges from those of the foundation species on which they have historically depended [9] . When this occurs, shifting species may colonize ecosystems where the foundation species differ from those to which they are adapted, a phenomenon that is expected to become more frequent with continued climate change [9, 10] . While alterations in behavior are often a first response to changing conditions [11] , structural and non-structural differences between historic and novel foundation species may themselves lead to an alteration of ecologically important behaviors [4, 7] . Thus, understanding how the behaviors of range shifting species are impacted by interactions with novel foundation species is vital to understanding and predicting the outcomes and impacts of range shifts. The mangrove tree crab Aratus pisonii serves as a model for examining the impacts of novel foundation species on behavior. The climate-mediated northward range expansion of this historically mangrove-associated arboreal crab has recently resulted in its colonization of the salt marshes of Florida and Georgia [12] . The foundation species in the salt marsh, the grass Spartina alterniflora, differs greatly in structure from mangrove trees leading to the alteration of numerous aspects of this crab's ecology, including behavior [4, 13, 14] . However, A. pisonii are also found on artificial boat docks within the salt marsh. Unlike S. alterniflora, which dominates the salt marsh ecosystem, docks provide a shaded habitat similar to the mangrove canopy and vertical pilings which resemble mangrove trunks. Further, docks mitigate many of the negative impacts this species experiences in the salt marsh, including behavioral changes [14] . Docks, while not themselves a foundation species, are a result of an allogenic ecosystem engineer (humans), which provides structure similar to autogenic engineers, thus altering the flow of resources [1] . Thus, for the purposes of simplicity, we refer to docks as "foundation structure". This combination of historic (mangroves) and novel (marsh grass) foundation species, along with a structural analogue to the historic foundation species (docks), allows for the ability to tease apart the impacts of differing structure on ecologically relevant behaviors.
One such ecologically relevant behavior is ritualistic aggression (or ritualized combat). Like many species, A. pisonii males engage in ritualistic aggression following a stereotypical sequential assessment model where individuals vary their behavior during an interaction from low to high cost until a winner emerges, allowing opponents to avoid physical injury by determining the likely winner of a fight without physical confrontation [15, 16] . Animals use this type of behavior for a variety of vital functions, from courtship [17] [18] [19] and territory defense [20, 21] to the establishment of social hierarchies [22] [23] [24] [25] . In A. pisonii, this behavior allows for the low-cost establishment of a social hierarchy based on size and sex that provides for effective division of resources [16] . However, as A. pisonii climbs structures during rising tides to avoid aquatic predation (pers. observ., [26] ), the structure on which the interaction occurs may determine the outcome, cost, risk, and sequence of this specific behavior. In particular, the minimal surface area provided by grass stalks in the salt marsh may make performing the behavior difficult or, if crabs are more likely to fall in water, dangerous. Either could have cascading effects for the ability of the population to establish their ecologically important social hierarchy.
The differing habitats where A. pisonii is found could also indirectly impact this behavior through alterations to crab morphology. In A. pisonii, the winner of ritualized interactions is largely determined by size and, to a lesser degree, relative claw size [16] . As in many species, ornamentation or weaponry (claws) are displayed throughout the interaction with relatively larger weapons signifying a higher probability of winning a physical confrontation and thus serving as a reliable way for competitors to assess their opponents' fighting ability before engaging in a potentially costly fight [15, 16, 27] . However, claw size in crabs is highly plastic [28] . Many factors related to habitat type can alter claw size, including a more carnivorous diet [29] , which A. pisonii experiences on docks [14] . Thus, differences in claw morphology between habitats must be considered to fully understand the impact of habitat structure on the ritualistic aggression behavior of this crab.
We sought to determine whether the structure of foundation species impacts the ritualistic aggression behavior of male A. pisonii. To do so, we performed a variety of behavioral assays pitting crabs against similar-sized conspecifics originating from the same and other habitats on structures representative of each habitat. We also determined if and how claw morphology differs between habitats and, by pitting competitors from different habitats across structural types, how these morphological differences alter the ritualistic behavior and its outcomes. Ultimately, we hypothesized that both substrate structure and claw morphology would impact ritualistic aggression in A. pisonii. In particular, we expected that the minimal structure provided by marsh grasses would increase the likelihood of a competitor falling in water, thus increasing the riskiness of interactions, leading to a Diversity 2019, 11, 6 3 of 14 reduction in the incidence of ritualized aggression compared to other structure types. Further, we hypothesized that the relatively high rate of carnivory exhibited in the dock habitat [14] would lead to relatively larger claws resulting in a higher rate of victory over conspecific from the salt marsh and mangrove habitats, and that the victor of interactions between crabs from the marsh and mangrove would not be predictable by habitat of origin due to a lack of morphological differences.
Methods

Crab Collection and Preparation
While we have observed females engaging in the behavior, ritualistic aggression in A. pisonii is largely performed by males [16] . Thus, we exclusively examined the behavior of male crabs. All crabs were collected from either mangrove forests in and around Fort Pierce, FL or salt marsh habitat and docks in and around Saint Augustine, FL, USA (Table 1 ). Crabs were collected by hand and placed in individual compartments of a plastic tackle box for transport to the Smithsonian Marine Station at Fort Pierce, FL, USA. Opaque dividers were used during transport to prevent crabs from interacting. Throughout captivity, crabs were housed individually in aquaria (22.8 × 15.2 × 16.5 cm, l × w × h) which were separated by opaque dividers and contained a petri dish of seawater and fresh food (Rhizophora mangle leaves), both of which were changed every other day, within a building open to ambient outdoor temperatures. Given the short time crabs were housed prior to being assayed (see below), it is unlikely that the food provided impacted behavior. To minimize the potential impact of temperature on behavior, assays were always performed during the same time of day. Further, temperature in the building showed little day-to-day fluctuation (~2-4 • C) throughout the period that assays were performed. We measured the size of each crab (carapace width) to the nearest 0.1 mm and painted the back of each individual with a thin stripe of one of six colors of nail polish for identification. Previous work has shown no effect of more extreme marking (painting of the entire carapace with nail polish) on the behavior of this species [4, 14] . Crabs were then allowed to acclimate for an additional 24 h before behavior was assayed (see below). After assaying behavior, we measured the height (CH) and length (CL) of the major claw (to the nearest 0.1 mm) of each crab following the methods of [30] . Crabs were returned to their site of origin within one week of assay completion. 
Aggression Assays
To assess how ritualistic aggression behavior was impacted by the variable influences of habitat structure and morphological differences between habitats, we ran a suite of behavioral assays. To avoid any confounding factors of multiple testing, individual crabs were never used in more than one trial. Warner [16] reported that interactions among crabs in the mangrove were most likely to occur between individuals that were similar in size. Thus, for all assays, crabs were paired with another individual that differed in size by no more than 1.3 mm and all but four interactions involved crabs that differed in size by less than 1 mm.
To understand the impact of source habitat on the ritualistic aggression behavior of A. pisonii, we first conducted behavioral assays in a small plastic aquarium (17.5 × 10.5 × 10 cm, l × w × h) which acted as a neutral surface ( Figure 1 ). We assayed fifteen pairs of crabs from each habitat (n assays = 45) pitting only individuals from the same habitats. To explore effects of habitat-specific differences in morphology, we also explored inter-habitat interactions in the neutral arena by performing 45 additional assays pitting individuals from different habitats (15 assays/habitat combination: dock v marsh, marsh v mangrove, mangrove v dock). For all trials, the pair of competitors were placed in the arena and allowed to interact under video recording for 10 minutes, ensuring that they were not disturbed by the presence of an observer. After each assay, crabs were returned to their respective aquaria. We next sought to determine how the three foundation structures impacted ritual aggression behavior. Salt marsh structure was represented by a stalk of S. alterniflora, mangrove structure by a mangrove prop root, and dock structure by a rounded piece of weathered wood which resembled a piling ( Figure 1 ). For each assay, the designated structure was placed in an aquarium (50.0 × 26.5 × 30.5 cm, l × w × h) with 7 cm of seawater to simulate high-tide conditions. Structures were placed to balance the desire to mimic the natural environment with the need to record both crabs throughout the trial: the grass stalk was laid diagonally across the tank while the prop root extended from the side and the dock piling was placed against the back (Figure 1 ). The larger aquarium used in the structure assays was necessary to fit the structure used. Further, while the aquarium itself was larger, the area of structure available to crabs was less than or similar to that available in the neutral surface assays Diversity 2019, 11, 6 5 of 14 performed in the smaller aquarium. For all structural assays, competitors were placed directly on the structure no more than 10 cm apart. We performed fifteen intra-habitat assays for each habitat type pitting pairs of competitors on the structure of their habitat of origin (n assays = 45). For inter-habitat assays, we performed sixteen trials for each habitat combination (n assays = 48). In each inter-habitat structural assay, the pair of crabs was assigned to the habitat of one competitor. For example: for the trials pitting crabs from the salt marsh with conspecifics from docks, eight pairs were assayed on marsh structure while eight interacted on dock structure. These inter-habitat structural assays allowed us to explore how interactions were impacted by the effects of habitat-specific morphological differences and crab familiarity with structural type.
As A. pisonii occurs in high densities in all habitats, individuals regularly come into contact and are often forced to remain in close proximity (pers. obs.). Thus, the restricted area provided by tanks in this study (neutral and structural assays) reflected interaction conditions that mimic those found in nature in some respects. However, the confined tank space of all assays (neutral and structural) did restrict the ability of crabs to fully retreat and avoid repeated interactions. To prevent biasing our results with repeated interactions between competitors, we analyzed only the first interaction which occurred in each trial.
After all assays were completed, we analyzed the videos using the open source video analysis software Kinovea (www.kinovea.org). We first noted whether a ritualized aggression interaction occurred, defined as either crab displaying shield posturing, display, or fighting behavior (Table 2) , and the winner of each interaction. As willingness to fight, and fight vigorously, may provide an advantage [16, 31, 32] , we noted the instigator (the first crab to perform a behavior) in each trial. Further, to explore mechanistic changes in the behavior itself, we recorded the length of the interaction (from initiation of aggressive interaction to return to a behavior not a part of the ritualized progression), the presence/absence of each step in the ritual progression (Table 2) , and the duration of any fighting behavior. Finally, to gain a relative measure of the danger of performing ritualistic aggression on each structure, we noted whether a competitor fell in the water. To examine the outcomes of interactions, we employed Chi-squared tests (X 2 ) to explore whether a crab was more likely to win if it was larger, had a larger relative CL and CH, was collected from the structure type on which the assay was performed (mixed assays), or whether crabs from a certain habitat type were dominant (inter-habitat assays). We used additional X 2 tests to examine whether the instigator of an interaction was more likely to win, whether the larger competitor was more likely to instigate, whether smaller crabs which instigated were more likely to win, and whether crabs from certain habitat types were more likely to instigate (inter-habitat assays)
We employed a binomial general linear model (GLM) to determine which variables impacted whether an interaction occurred during the assay. The explanatory variables for this model included structural type (mangrove, salt marsh, dock, none) as well as a number of morphological characteristics of the competitors: the difference in size between competitors, the absolute sizes of the two competitors, the residuals of the relationship between relative CL and size of both crabs, the residuals of the relationship between relative CH and size of both competitors, and the difference of each of those residual values between competitors. Unless otherwise stated, these explanatory variables, in addition to interaction duration, were used in all subsequent linear models. Residuals were used when morphological variables co-varied with crab size (LM; p < 0.05). To gain a mechanistic understanding of how the behavior changed, we also ran binomial GLMs to determine which variables impacted whether each behavior in the behavioral progression occurred (Table 2) , and LMs to determine which of the explanatory variables, excluding interaction duration, impacted the duration of fights and the length of the interaction. Additional binomial GLMs were also employed to determine how structure and morphology impacted the likelihood of the larger competitor winning and of a crab falling into the water (structure assays only).
Claw Morphology
To compare A. pisonii claw morphology between habitats (n = 139, 146, and 136 for dock, mangrove, and salt marsh respectively), we used linear models (LM) to determine the relationships between a crab's carapace width and its CL, CH, and CH:CL ratio. Habitat of origin was also included in the model to determine how relative claw size differed between habitats.
All LMs and GLMs were performed using the "lme4" package in R version 3.1.1 (R core team, R foundation for Statistical Computing, Vienna, Austria). We then used the "step" function to determine the simplest fitted model by AIC for each LM and GLM.
Results
Aggression Assays
For simplicity, here we present only the linear model (LM and GLM) results of those variables found to have a significant effect in the simplest model (by AIC). Full statistical results of the simplest models can be found in Supplementary Table S1 . Foundation structure impacted a number of aspects of ritualistic aggression in A. pisonii. Interactions were both shorter (estim. = 28.803, z = 2.298, p = 0.023) and less likely to occur (estim. = 1.130, z = 2.603, p = 0.009) on dock structure than on a neutral surface. Further, interactions were more likely on salt marsh structure compared to both dock (estim. = −1.618, z = −2.759, p = 0.006) and mangrove structure (estim. = −1.312, z = −2.050, p = 0.040). In addition to altering the occurrence of interactions, the structure on which crabs engaged in ritualized aggression impacted the behavior itself. Competitors were more likely to skip the low-cost shield posture behavior and move directly to higher cost behaviors on dock (estim. = −2.552, z = −2.171, p = 0.030), salt marsh (estim. = −2.580, z = −2.241, p = 0.025), and neutral structures (estim. = −2.156, z = −1.986, p = 0.047) than on mangrove structure. After a winner was determined, the winner was then less likely to display on dock structure compared to mangrove (estim. = 2.131, z = 2.528, p = 0.012) and neutral surfaces (estim. = 1.701, z = 2.665, p = 0.008) while the loser was more likely to retreat on mangrove structure than salt marsh (estim. = −2.805, z = −2.448, p = 0.014) and neutral surfaces (estim. = −2.271, z = −2.097, p = 0.036), suggesting that display may trigger this conciliatory behavior. Further, interactions were more likely to result in a competitor falling in the water, increasing the danger of the interaction, when performed on dock (estim. = −3.825, z = −3.063, p = 0.002) or salt marsh structure (estim. = −4.533, −3.524, p < 0.001) than on mangrove. In addition, there was no advantage to individuals that were captured on the same type of structure where interactions occurred (X 2 1 = 0.067, p = 0.414; Figure 2 ). Crab morphology also had numerous effects on ritualistic aggression. While morphology did not impact the length or occurrence of interactions, it altered many aspects of the ritual progression. Morphology of the smaller competitor was particularly impactful, as CL was inversely correlated with the likelihood of shield posturing (estim. = −2.438, z = −2.042, p = 0.041), and body size was positively correlated with the likelihood of pre-fight displays (estim. = 0.271, z = 2.885, p = 0.004). Further, retreat was more likely as the CH of the smaller competitor increased (estim. = 1.591, z = 1.970, p = 0.049). In contrast, the morphology of the larger crab affected only post-interaction display, which was more likely as its body size increased (estim. = 0.219, z = 2.117, p = 0.034). Morphology also affected the outcomes of interactions, as crabs were more likely to be victorious if they had a larger body size (X 2 1 = 5.828, p = 0.016; Figure 2 ), a larger relative CL (X 2 1 = 27.129, p < 0.001; Figure 2 ), or a larger relative CH (X 2 1 = 29.032, p < 0.001; Figure 2 ). The larger competitor's chances of victory also increased further as the difference in relative CL of the competitors increased (estim. = 1.856, z = 2.152, p = 0.031). Finally, morphology impacted the risk of the behavior, as an interaction was more likely to result in a competitor falling into the water as the difference in the relative CL between competitors decreased (estim. = −2.775, z = −1.129, p = 0.015).
While foundation structure and crab morphology had large effects on ritual aggression behavior and its outcomes, they were not the only factors to impact this behavior or its costs. In fact, the only factor that increased the likelihood that the costliest behavior (fighting) would occur during the ritual progression was a longer interaction (estim. = 0.022, z = 2.946, p = 0.003), while no measured factor impacted the duration of fighting behavior. Similarly, despite increasing the incidence of the lowcost shield posture behavior (estim. = 0.022, z = 2.946, p = 0.035), longer interactions were more likely to be risky, as the likelihood of a competitor falling into the water increased with interaction duration (estim. = 0.050, z = 3.862, p < 0.001). Further, inter-habitat interactions were more often won by crabs Crab morphology also had numerous effects on ritualistic aggression. While morphology did not impact the length or occurrence of interactions, it altered many aspects of the ritual progression. Morphology of the smaller competitor was particularly impactful, as CL was inversely correlated with the likelihood of shield posturing (estim. = −2.438, z = −2.042, p = 0.041), and body size was positively correlated with the likelihood of pre-fight displays (estim. = 0.271, z = 2.885, p = 0.004). Further, retreat was more likely as the CH of the smaller competitor increased (estim. = 1.591, z = 1.970, p = 0.049). In contrast, the morphology of the larger crab affected only post-interaction display, which was more likely as its body size increased (estim. = 0.219, z = 2.117, p = 0.034). Morphology also affected the outcomes of interactions, as crabs were more likely to be victorious if they had a larger body size (X 2 1 = 5.828, p = 0.016; Figure 2 ), a larger relative CL (X 2 1 = 27.129, p < 0.001; Figure 2 ), or a larger relative CH (X 2 1 = 29.032, p < 0.001; Figure 2 ). The larger competitor's chances of victory also increased further as the difference in relative CL of the competitors increased (estim. = 1.856, z = 2.152, p = 0.031). Finally, morphology impacted the risk of the behavior, as an interaction was more likely to result in a competitor falling into the water as the difference in the relative CL between competitors decreased (estim. = −2.775, z = −1.129, p = 0.015).
While foundation structure and crab morphology had large effects on ritual aggression behavior and its outcomes, they were not the only factors to impact this behavior or its costs. In fact, the only factor that increased the likelihood that the costliest behavior (fighting) would occur during the ritual progression was a longer interaction (estim. = 0.022, z = 2.946, p = 0.003), while no measured factor impacted the duration of fighting behavior. Similarly, despite increasing the incidence of the low-cost shield posture behavior (estim. = 0.022, z = 2.946, p = 0.035), longer interactions were more likely to be risky, as the likelihood of a competitor falling into the water increased with interaction duration (estim. = 0.050, z = 3.862, p < 0.001). Further, inter-habitat interactions were more often won by crabs originating from the salt marsh (X 2 1 = 18.667, p < 0.001; Figure 2 ) than those originating from mangroves (X 2 1 = 6.439, p = 0.011) and docks (X 2 1 = 5.121, p = 0.024). However, originating from the dock habitat provided no advantage over those from the mangrove (X 2 1 = 0.077, p = 0.782). Instigators of interactions were also more likely to win (X 2 1 = 12.500, p < 0.001; Figure 2 ) but instigating did not provide an advantage to smaller crabs (X 2 1 = 0.692, p = 0.405). In addition, neither the relative size of the competitor (smaller of larger) (X 2 1 = 1.034, p = 0.309) nor its habitat of origin (salt marsh: X 2 1 = 0.032, p = 0.858; dock: X 2 1 = 1.485, p = 0.223; mangrove: X 2 1 = 2.314, p = 0.128) were associated with the likelihood of a crab to instigate.
Claw Morphology
All measures of claw size (CL, CH, CH:CL) increased with crab size (p < 0.001 for each; CL: estim. = 0.806, z = 86.806; CH: estim. = 0.587, z = 64.614; CH:CL: estim. = 0.013, z = 64.614; Figure 3) . The morphological relationships between body size and each measure of claw size varied by habitat (Table 3) . See Supplementary Table S2 for measured body and claw sizes in each habitat. 
Discussion
Structural differences between foundation species impacted A. pisonii ritualistic aggression behavior, its outcomes, and its costs in unexpected ways (Figure 4) . Despite the limited surface area they provide, interactions were more likely to occur on marsh structure than either dock or mangrove 
Structural differences between foundation species impacted A. pisonii ritualistic aggression behavior, its outcomes, and its costs in unexpected ways (Figure 4) . Despite the limited surface area they provide, interactions were more likely to occur on marsh structure than either dock or mangrove structure. Even the progression of the behavior was altered by the structure on which it was performed. Interactions on mangrove structure were more likely to include the low-cost shield posturing than other structure types where crabs progressed more quickly to higher-cost behaviors. Losing competitors were also less likely to mount a conciliatory retreat on marsh structure than mangroves, possibly due to the reduced structural area provided by marsh grasses for retreat/evasion behaviors [33] and potentially increasing the possibility of reigniting the interaction. These reductions of ritual complexity and tendencies to progress more quickly to higher-cost behaviors could increase the chance of injury and energetic cost of the interaction [34] thus negating some of the benefit of ritualizing aggressive behavior.
These tendencies to progress more quickly to high-cost behaviors on structure from the colonized ecosystem may reflect a difference in the cost-benefit calculation from the mangrove habitat. A competitor was more likely to fall into the water on dock and marsh structure than the mangrove, likely due in part to the decreased footing they provide (low surface area on marsh structure, vertical nature of docks). This would elevate the potential danger of an interaction by increasing the chance that one or both competitors are exposed to aquatic predation, which is also higher in the colonized ecosystem [33] . Thus, as instigators of interactions are more likely to win independent of their size or habitat of origin, and as longer interactions are more likely to result in the loser falling into the water, the higher danger of interactions on marsh and dock structure may encourage crabs to act more aggressively in the interest of increasing their chance of victory [31, 32] . While ritualistic aggression is important to the division of resources in this species, it evolved in the mangrove habitat where, like many ritualized interactions, it is relatively low-cost [16] . If the structural make-up of the colonized habitats increases these costs, it could alter the ability of this species to successfully establish a social hierarchy without significant losses.
the chance of injury and energetic cost of the interaction [34] thus negating some of the benefit of ritualizing aggressive behavior. These tendencies to progress more quickly to high-cost behaviors on structure from the colonized ecosystem may reflect a difference in the cost-benefit calculation from the mangrove habitat. A competitor was more likely to fall into the water on dock and marsh structure than the mangrove, likely due in part to the decreased footing they provide (low surface area on marsh structure, vertical nature of docks). This would elevate the potential danger of an interaction by increasing the chance that one or both competitors are exposed to aquatic predation, which is also Despite the similar danger of falling into water, docks did lower the incidence of interaction compared to marsh structure. This suggests that while the cost of interactions on dock structure is relatively high, the increased structure provided by docks increases the ability of competitors to avoid aggressive interactions through avoidance and retreat [16] , an option which may be difficult on the limited structural area of marsh grasses. The increased risk of interactions on docks relative to the mangrove may simply be a reflection of the vertical nature of this structure, which could also be experienced during interactions taking place on mangrove trunks. However, mangroves provide a higher occurrence of more complex horizontal structure (in the form of prop-roots and branches) than either marsh grasses or docks. Competitors were often observed using the complex structure of mangrove roots to retreat after an interaction or avoid confrontation altogether. This ability is drastically reduced in both the dock and salt marsh habitats where crabs are limited in the above-water area in which to retreat. On docks, losers may only escape by moving around a piling, which does not preclude chasing by the winner, while salt marsh grasses provide nearly no area for retreat short of jumping into the water. While both docks and mangroves provide more structural area for retreat than could be fully replicated in our assays, the structural complexity of docks is still far lower than that of mangrove roots and branches. Thus, while docks may provide improved structure for ritualized aggression over marsh grasses, they clearly do not provide a perfect analogue to the historic mangrove habitat for the purposes of maintaining this behavior.
In addition to foundation species structure, crab morphology impacted ritualized aggression interactions and their outcomes ( Figure 4) . As has been observed in numerous species [27, 35, 36] , larger individuals and those with larger weaponry (claws) were more likely to win interactions. Increases in size and relative claw sizes were also associated with costlier behavioral steps (i.e., less shield posture, more display), while decreasing differences in relative claw size increased the likelihood that a competitor would fall in the water. These results fit both theory and observations in other species that the more evenly matched the competitors, the more likely an interaction is to escalate and become costly [37] [38] [39] [40] . However, while the impacts of morphology on interactions were largely predictable, the differences in claw morphology between habitats were unexpected and could have consequences for this behavior in the colonized salt marsh ecosystem.
Crabs originating from the dock habitat had relatively larger claws than conspecifics from the mangrove but the relative claw size of A. pisonii from in the salt marsh proper was larger still. While the large claws of crabs from docks may be explained by a diet high in animal material [14, 29] , the low-quality diet A. pisonii experiences in the salt marsh [14] makes the mechanism behind their large claws uncertain. Larger claws may provide an advantage in grasping the limited structure of grass stalks, a problem not faced by conspecifics in other habitats. Further, the relatively small size of crabs in the salt marsh compared to the mangrove and dock habitats [14] may suggest that they have a slower growth rate. If body size is more plastic than claw size, this could result in relatively larger claws. However, these hypotheses are beyond the scope of this study.
It is also possible that the observed changes to ritualized aggression are themselves driving the increase in claw size. Relatively larger claws increase the probability of winning an aggressive interaction and, despite previous assertions [16] , may be even more important than overall size [27] . In fact, the X 2 values associated with larger-clawed competitors winning interactions were more than 5-fold higher than that associated with larger crabs winning. This suggests that for A. pisonii, relative claw size is far more important in determining the winner of ritualized interactions. This benefit of large claws is further visible in the tendency of crabs from the salt marsh to win inter-habitat interactions regardless of relative size, habitat of competitor, or structural type. Thus, the increase in claw size may be a plastic response to the increased danger and prevalence of aggressive interactions in the salt marsh. If this is the case, it would signify a shift to relatively greater investment into claw growth at the expense of body size and other energetic needs. However, a full test of this hypothesis would require a complete exploration of A. pisonii energetics, which was beyond the scope of this study. Whether this shift in morphology is a response to or a result of the observed differences in behavior between habitats, it has implications for the ritualistic aggression behavior and the ecology of this species.
While our study was primarily designed to determine the impact of foundational structure on A. pisonii ritual aggression, the results detailing the impacts of crab morphology on this behavior provide an opportunity to explore the assessment model employed by this species during combat. During aggressive interactions, three primary modes of assessment are possible. In self-assessment, individuals gauge their ability to win using only information about their own fighting abilities [41] .
In cumulative assessment, individuals gauge their ability to win both on their own abilities and on the damage inflicted by their opponent [41, 42] . In mutual assessment, both contestants assess their opponent's potential relative to their own [15, 41, 43] . As the size of competitors did not influence the duration of interactions, and as both body and claw size were positively correlated with the likelihood of winning, it is likely that A. pisonii engages in mutual assessment rather than either self-assessment or cumulative assessment [41, 44] . In particular, as previously suggested by Warner [16] , the ritual progression employed by A. pisonii suggests sequential assessment [15, 16] . Further experiments are required to confirm this hypothesis.
As species continue to shift into novel ecosystems, it is vital to understand how interactions with novel foundation species and other ecosystem engineers impact their behavior. The alteration of A. pisonii ritualized aggression, and its potential costs, highlights the potential impact that changes to foundation species structure can have on a colonizing population. The morphological and behavioral changes observed in A. pisonii further demonstrate how the impacts experienced by range shifters due to novel foundation species can interact in unexpected ways. Thus, as climate-mediated colonizations of novel ecosystems become more common, it will be important to understand how multiple impacts of these colonizations interact to alter the ecology, behavior, and life history of range-shifting species.
Supplementary Materials: The following are available online at http://www.mdpi.com/1424-2818/11/1/6/s1, Table S1 : Full statistical result of the simplest model by AIC of all aggression assay tests, Table S2 
